B FERE

Vol. 35 ( 2015)
No. 5 J. of Math. (PRC)

—HF FHE T REEMSIRARSREATME—

HEM e, IR, FR
(HB M2 TAL B2 . ¥R, b. BN, WTHE 4 450015)
B ARSI T 4k SRS E T R RSB R, R e T T 2

s A UL PRE 70 7 KL P PR A0/ IR L g P — ), SR AESCHR (3] Hh B 1 2.
XHIR: BTrReERSRLY; RS E—E

MR(2010) RS 35Q40 FESES: O175.24
XEKARIRAD: A X EHS: 0255-7797(2015)05-1245-07
1 5IS K%
RSO — AR AL 2T RE s i A [
2

ny + div [56 ( > —V(nT)+nVV| =0, (1.1)
—div(nVT) = (TL<£L‘> -T), (1.2)
NAV =n— C(a:), (1.3)

RHEAFIRE n, TR T MAAAH V R EE #7240 C () ARSI T (2)
NG TE R B E R e > 0, BEEAN GBI E] 7 > 0 FIAREE FEEFEKE X > 0 NWFLZH.
AN (1.1)—(1.3) AT LAANEE T ARl 732 75 AR 4 rid s BROK I T] /Dol FE AR BR k5t 1Y) Sk
(1] FEFIIA TR 26 AF NUEM] 1 (1.1)—(1.3) S9MRMIEERARAAAENE, STHR [2] 1521 1 AR~k Sk
B

BRI SCHR [3] WEFE T (1.1)—(1.3) —4ERR AL o AR A A7 AR 1, BAROR U, A5 18 T
NiAfE ]

(L

- NG ) — (nT), +nV, = Jo, (1.4)

~(nT,), = =(Ty(x) = T), (1.5)
ANV, =n—C(x) in (0,1), (1.6)
n(0) =n(l) =1, n,(0)=n,(1)=0, T(0) =Ty, T.(0)=T,(1)=0, (1.7)

)

62

V(O) =W= _E(\/ﬁ)xx(o) + T, (1 8
“Y s B EA: 2013-10-26 Y HER: 2014-01-06
EEWMB: WA HE TR EE AR E A EHEE T (12A110024); 2013 AL Tk
P22 Bt T AE L 4 BE B (2013111001); 2013 4 m 44 BH T B4 -5 AT SR 0 70 0 R 100 H 2k 4 5E B
(132300410373); M= F}2£H 4 BB (2013ZD55006), 1] 7 44 51 S5 2448 5 H i T 00T 25 BhiH X I B 25 4 % Bh
(2013GGJS-142).
EZ I BEM (1980-), B, (ARG, RIZIR, ZEMF 7 H: W 2.




1246 g4 =2 7 & Vol. 35

Horr Jo Fon IR, 158 1 IR A5 R

EIE 1.1 (KRR [3]) % C(x), To(z) € L°(0,1), C(z) >0, 0 < my < Tp(z) < M,
x e (0,1), M@ (1.4)-(1.8) FAEHHME (n, T, V) #Z n(x) > e ™ >0,z € (0,1), Hf
M &

2(e 14 || C(x)log C(x) || £ (0,1))
A2my,

(1.9)

62M
M= \/ng (Mp —mp)My +
Iz

AR SIE A ) L (1.4)—(1.8) A RIME—1, FATH F R 2

EE 1.2 W 1.1 AR, A mp R K H | Jo| BN, MR (1.4)-(1.8) 1)
fift S ME— 11,

L1 B (1.1)-(1.3) 22— MR TR e A, s AR E TR e
BEAY | BATTAT LAZ 2 STk [4-6).

1.2 YEEREIREE Ty (v) FHLTIREE T R 0T, IBLRY (1.1)-(1.3) AEpE A% -
BT SR TR (KR T 4 5 L SO [7-19).

2 I 1.2 BIIERR
SCHR (3] I FE R 0 = ev HERRE (1.4)—(1.8) 2B 1 1T 5 S5 1 i) et

% <u + “2> Ty — (uaT)e+ & _AQC(”C) = Jo(e™™)a, (2.1)
~(Te)e = S (Tu(e) - T), (22)
V(z) = —% Upy + u;) () +T(z) + /Ow uz ()T (s)ds + Jo /0‘T e " ds, (2.3)
U(O) = u(l) =0, UJ(O) = uw(l) =0, T(O) =Ty, Tx(o) = Tx(l) =0, (24)
V(0)=Vy = —i—;uzm(o) + To, (2.5)

FAEW T B BRAEAE AR (u, T, V) € H*(0,1) x H?(0,1) x H?(0,1), AN THEEIEH 1.2, H
TR A8 (2.1), (2.2), (2.4) fEMIME—PERPA]. Syt T e 3
EIE 2.1 W 1.1 PRIAMROL, T my 789K H o] BN, 615

M2 M 2M /2 4 M 2 2M (M, —
- £ m _ |']0|€ _ € ( €+ V 6mL )(fe + )( L mL) > 0’ (26)
24 V2 22 - T

W (2.1), (2.2), (2.4) K (u,T) € H(0,1) x H*(0,1) /2ME—1H).
E 2.1 B (1.9) A, M omp BOKEE M 2B, WA BMRIE S my, 7850 KH. | Jo| B2/
I (2.6) kAL



No. 5 EEHS: YRR T RERES AR 1247

FESCHR [3] A5 EE 2.1 238 1 Tt

2

€ mr
1 [ ||%2(0,1) +7 | s ||%2(0,1)
o2M
< Cp— (M —mp)Mp +X"2(e '+ || C(z)log C(x) |2 (0,1))s (2.7)
| w | Loe0,)< M, (2.8)
0<my <T <M, (2.9)

Horb (2.9) I SCHR [3] A EIEE 2.1 FINERE. N TIEREEE 2.1, R B R Al
5138 2.1 ¥ (u,T) € H*(0,1) x H?(0,1) &8 (2.1), (2.2), (2.4) KIf#, W

\4/ 6mL - M

| vz ||Le(0,)< 0 (2.10)
o2M

| Te ||z (0,1) < T(ML —myg). (2.11)

i BBEASRE (2.7) X, 5
VML 2 mp,

e e ezl s o€ g tes o) +75° 1l o)

)

[\V]

62M

S (Mr = mu) My + X726+ | Cla) g Ce) 1o,

T LAFE H Holder A5 (1.9) =, 2

ui(x) = 2/ Uy (8) Uz (8)ds < 2 || Ugy ||L2(0,1)H Uy ||L2(0,1)
0

26 [ e —2¢,-1
< e |2rms (M —mp)Mp + A" (e” + || C(x) log C(2) ||L~(0,1))
_ 26y me_ VOme M
- JmLe 2 € ’

M (2.10) KA.
(2.2) SUPALE (0,2) LB, 14

/lac — _i : v —Td ,
/0 € ( L(.CL') ) X
FTeAH (2.8) K (2.9) A1 (2.11) kAL

EIE 2.1 BERR & (w1, Th), (u2,T2) € H*(0,1) x H?(0,1) A& (2.1), (2.2), (2.4) I
PR T — T 53 E N

(e T = S (Tuw) — )
A -
(€T = —(Ty(w) - )

T



RS
bl
Ci

1248 %

Vol. 35

(s pR KO P ZUAR R, 19

T

1 1 1
1
/ e (T — TQ)idx = / Top (e — ") (T) — T3)dx — / e (T, — Ty)*dx
0 0 0

1
—|—i/0 (Tr(x) — Ta)(e" —e"2)(Ty — To)dx
1
S —/ TQ;C (6“1 — 6“2)(T1 — Tg)xdéﬂ
1O !

7 ), Tu@) =) = e)(Th — Ta)da.

H (2.8) a0 1 1
/ e (T, — Ty)2dx > eM/ (Ty — Ty)2dx.
FH A% B H AR e 2 (20.8) A 0
et — €| < eMur —uy,
Fr A H (2.11) X, Holder A% K& Poincaré N, 5

eZJVI

1 1
/ ng(eul — euz)(Tl — Tg)mdx S 7(ML — mL)/ €M|U1 — U2| . |(T1 -
0 0

T
€3M

— (M —my) [/01(u1 — up)’dx % VOI(TI - Tg)idx] :

< j;;[_(ML —mp) Uol(u1 - uz)ﬁdxr UOI(T1 - Tz)gdx] % .

A (2.9) 2, REUEAGT, w7 RIS 2]

IN

i/o (T (x) = T)(e" —e*)(T1 — Ty)dx

< ZNT[(ML —mp) [/01(u1 - W)idﬁ : Uol(T1 — Tg)idx] : .

B (2.12)-(2.15) 5

[/Ol(T1 - Tg)idx] g M (v2eM + 1)(My — my) Uol(ul - uQ)idx] 3 |

2T
H Uy — U2 s lEA

g? u? e —C(x B

7 (v + 1) =i =+ S5 e,
A 2 2

15 U e'2 — C(x Cu

E (u2x:r + ?)xm - T2:rz - (UQITZ)CE + T() = J()(e 2)1

(2.12)

(2.13)

T2)$|d$

(2.14)

(2.15)

(2.16)



No. 5 EEHS: YRR T RERES AR 1249

(s pR KO P ZUAR R, 19

2 1 2 1

1
€ €
= [ (w—w)ide+ — [ (uf, —u3,)(u1 — us)aedz + [ (11 — To)o(ur — up),da
12 J, 24 J, ;
1 1 1 1
+/ Tl(ul — UQ)id.’L' + / ng(Tl — Tg)(ul — ’U,Q)ch{I,' —+ p (eul — euz)(ul — Ug)de
0 0 0
1
= —JO/ (e7" — e ") (uy — ug),dx. (2.17)
0
H (2.10) X Young A%, 15
g2 1 g2 [*
51 (Ui, — us,) (U1 — ug)pedr = 57 | (e + ) (wr = un)a (s — wa)sndr
0 0
3 1
2 . 6 M
> VR (= )] (i — ) ld
12 ;
2 1 2 1
€
> 21, (uy — ug)?, do — o 6my, ; (u1 — ug)2dx. (2.18)

[ @ ez [ [ mae] [ e

2M 2 2M (M, —
> (v2e +27_ J(My = me) /0 (up — ug)ide (2.19)
H (2.9) =50 1 1
/ Ty (uy — ug)idx > mL/ (uy — ug)idz. (2.20)
0 0

B (2.10) X, Holder AA%53, Poincaré N2 % (2.16) X, 15

1 1
vomy, - M
/ qu<T1—T2><u1—u2>xdxz—H/ Ty — Tyl - — o) lde
0 Ve 0

: ([ wgdmf

4 . 1
> _MJQ?M [/ (Ty — Ty)2da
0
0 e M M B 1
Z - 6mL . M . 62 é\/\/zé2 T+ 1)(ML mL) / (ul _ 'LLQ)id:I,', (2'21)
: 0
BB e 0B U b T
1
% (€ — ) (uy — us)d > 0, (2.22)
0

kS B H e 2 22, Holder 5530 Poincaré N353, 5%

1 1
—Jo/ (e7" —e ") (up — ug)dr < |J0|6M/ luy — ual - [(ug — ug),|dx
0 0

|J0|6]W

< V5 /O(U/l_UQ)'Z,de. (2.23)




1250

% 2 B = Vol. 35

H (

2.17)-(2.23) w15

1
62

1
— [ (w —up)?,dx+Cy | (uy —ug)’dr <0, (2.24)
24 J, 0

He

i (

(10]
(1]

(12]

(14]

(15]

[ Jole™ &M (V2e 4 /6my - M)(v2e*M + 1)(My, —my,)
V2 22 - T '

2.24) KM (2.6) RATH uy = uy, FEH (2.16) R Ty = Tp.

M2
CO =my —%\/6771[1—

2 F X #k

Jiingel A, Milisi¢ J P. A simplified quantum energy-transport model for semiconductors [J]. Nonlin-
ear Analysis: Real World Applications, 2011, 12: 1033-1046.

Chen L, Chen X Q, Jiingel A. Semiclassical limit in a simplified quantum energy-transport model
for semiconductors [J]. Kinetic and Related Models, 2011, 4: 1049-1062.

Dong J W, Zhang Y L, Cheng S H. Existence of classical solutions to a stationary simplified quantum
energy-transport model in 1-dimensional space [J]. Chin. Ann. Math., 2013, 34(5): 691-696.
Grubin H, Kreskovsky J. Quantum moment balance equations and resonant tunnelling structures
[J]. Solid-State Electr., 1989, 32: 1701.

Degond P, Gallego S and Méhats F. On quantum hydrodynamic and quantum energy transport
models [J]. Commun. Math. Sci., 2007, 5: 887-908.

Chen R C and Liu J L. A quantum corrected energy-transport model for nanoscale semiconductor
devices [J]. J. Comput. Phys., 2005, 204: 131-156.

Ju Q C, Chen L. Semiclassical limit for bipolar quantum drift-diffusion model [J]. Acta Mathematica
Scientia, 2009, 29B(2): 285-293.

Chen X Q, Chen L, Jian H Y. Existence, semiclassical limit and long-time behavior of weak solution
to quantum drift-diffusion model [J]. Nonlinear Analysis: Real World Applications, 2009, 10(3),
10(3): 1321-1342.

Jiingel A, Violet I. The quasineutral limit in the quantum drift-diffusion equations [J]. Asymptotic
Analysis, 2007, 53(3): 139-157.

Chen L, Ju Q C. Existence of weak solution and semiclassical limit for quantum drift-diffusion model
[J]. Z. Angew. Math. Phys., 2007, 58: 1-15.

Chen X Q, Chen L, Jian H Y. The Dirichlet problem of the quantum drift-diffusion model [J].
Nonlinear Analysis, 2008, 69: 3084-3092.

Chen X Q, Chen L. The bipolar quantum drift-diffusion model [J]. Acta Mathematica Sinica, 2009,
25(4): 617-638.

Chen X Q. The global existence and semiclassical limit of weak solutions to multidimensional quan-
tum drift-diffusion model [J]. Advanced Nonlinear Studies, 2007, 7: 651-670.

Chen X Q, Chen L. Initial time layer problem for quantum drift-diffusion model [J]. J. Math. Anal.
Appl., 2008, 343: 64-80.

Chen X Q. The isentropic quantum drift-diffusion model in two or three space dimensions [J]. Z.
angew. Math. Phys., 2009, 60(3): 416-437.



No.

5 EEHS: YRR T RERES AR 1251

(16]
(17]
(18]

(19]

Chen X Q, Chen L, Jian H Y. The existence and long-time behavior of weak solution to bipolar
quantum drift-diffusion model [J]. Chin. Ann. Math., 2007, 28B(6): 651-664.

Chen L, Ju @Q C. The semiclassical limit in the quantum drift-diffusion equations with isentropic
pressure [J]. Chin. Ann. Math., 2008, 29B(4): 369-384.

Abdallah N B, Unterreiter A. On the stationary quantum drift-diffusion model [J]. Z. Angew. Math.
Phys., 1998, 49: 251-275.

Nishibata S, Shigeta N, Suzuki M. Asymptotic behaviors and classical limits of solutions to a quan-
tum drift-diffusion model for semiconductors [J]. Math. Models Methods Appl. Sciences, 2010, 20(6):
909-936.

UNIQUENESS OF STATIONARY SOLUTIONS TO

ONE-DIMENSIONAL QUANTUM ENERGY-TRANSPORT MODEL

FOR SEMICONDUCTORS
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Abstract: In this paper, we study the classical solutions to the stationary quantum energy-

transport model for semiconductors in one space dimension. The uniqueness of the solutions is

proved when the lattice temperature is sufficiently large and the current density is relatively small

by using some inequality techniques, which is not obtained in [3].
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